Abstract-The paper presents the results of researching the influence of the mode of creating photocatalytic coatings of glass substrates by the method of reactive magnetron deposition on their bactericidal properties. Tatanium dioxide (TiO 2 ) is in the basis of used film photocatalytic coatings. When depositing coatings, such parameters were varied as work pressure in the chamber, volume fraction of reactionary gas (О 2 ), durability of deposition, a distance "magnetron-sample", average current of discharge, etc. Bacterial culture Escherichia coli was used as a test-object. The change of the indentified parameters in a certain interval allowed specifying the mode of deposition of photocatalytic film, by which bactericidal effect is achieved. In real conditions of the environment, experiments on revealing selfantiseptic ability of the obtained coatings, confirming the reduction of surface contamination in the presence of film, were conducted.
I. INTRODUCTION
At present, to maintain sanitury-hugienic requirements for the quality of environment, photocatalytic systems are widely used. Among various coatings, providing biocidity of items and surfaces, nanostructural films, based on oxides and titanium oxynitrides, are of particular importance [1, 2] .
For a long time, titanium dioxide was used as a white pigment and as a cosmetic component. However, in the past decades, after thourough analysis of photocatalytic properties of this compound, directions of practical application of the mineral have acquired vast scale. The major part of them is oriented to the processes of removing organic and nonorganic contaminants of air and water, to the necessary partial oxidation of organic compounds in certain processes, as well as disinfection of the medium [3, 6] .
Thin films of titanium dioxide can cover different types of construction materials, used for finishing both inner and outer surfaces, bell glass on tunnel lamps of highways and lamp caps of outdoor lighting in airports that are darkening quickly because of transport exhaust gases, aluminium decorative panels. It is possible to modernize canvas materials for tents, paper screens and paper blinds. In the majority of cases, material surfaces will possess such functions as self-cleaning, the cleaning of contacting media, elimination of pathogenic microflora. Products of photocatalytic reactions can be naturally washed off by rain water or, if necessary, washed off forcibly, maintaining cleanness of surface.
self-cleaning and bio stable materials, including those intended for construction purposes, because of progressing processes of biodestruction of buildings and constructions [8] [9] [10] .
Owing to intensive oxidation properties of titanium dioxide, films manifest biocidal properties, destructing cell walls and membranes, violating biochemical reactions of bacteria cells, viruses of microfungi [5, 7] .
Photocatalytic disinfection using irradiated titanium dioxide is effective for killing a large spectrum of microorganisms and cell formations. The process is applicable to the use in water and air media and can be used in vivo. Mechanisms, by means of which cells can be damaged, have not been revealed completely. Effects that emerged because of appearance of active forms of oxygen on the irradiated surfaces of TiO 2 , are connected with both attack of the cell from outside and generation of oxygen inside the cell, if finest TiO 2 particles penetrate into the cell. Effectiveness of the biodegradation process depends on a number of factors: reactor configuration, light source, TiO 2 type, components of the medium and used organisms.
The photocatalytic method includes several ways of influence on microorganisms, which can work simultaneously -adsorption of titanium dioxide on the surface of cell walls with subsequent penetration inside; formation in both cases of active forms of oxygen, manifesting oxidation aggression with respect to the cell components, as well as destructive actions of other direct and roundabout photochemical processes.
Photocatalysis is a natural phenomenon, in which a substance, called as a photocatalyst, accelerates the speed of chemical reactions under the influence of light (natural and artificial). Using light energy, the photocatalyst generates transformation of water and oxygen from the ambient air into highly reactive free radicals, destroying organic substances or transforming harmful compounds into completely harmless during oxidation-reduction reactions.
The formed hydroxyl and superoxide can destruct not only organic molecules, but also bacteria, viruses, mold, algae, microscopic fungi, pollen of dusty ticks; destruct odours of volatile organic compounds. In contrast to traditionally used chemical substances (chlorine-and phenol-containing preparations, substances based on derived guanidines) and ultraviolet irradiation on the photocatalytically active coatings based on titanium oxide (TiO 2 ), rapid non-reagent elimination of microorganisms occurs.
One of the problems on the way of creation of effective photocatalysts with a long-term service is reliable detection of their activity since photoreduction, adsorption and photo adsorption, concentration and availability of catalytic centres, as well as many other factors, influence the process of photocatalytic decomposition. Owing to that, the decomposition rates of structurally different moleculecontaminants on the same sample of the photocatalyst can differ considerably [11] .
Properties of photocatalytic films (activity, reaction capability, etc.) depend on the method of obtainment and are determined by the phase composition, the structure and the size of film pores. Effectiveness of division of photo-injected charges influences the photocatalytic activity during absorption of light quantum in the fundamental absorption band of semiconductor (TiO 2 ) and interphase transfer of the electron on the interface "TiO 2 /electrolyte". The structure and the thickness of TiO 2 film determine its sorption capability, which is especially important during sorption of proteins, TiO 2 modification by biocatalysts, as well as for effectiveness of electron exchange between biocatalyst and TiO 2 . For a number of practical applications, optical quality of the film (low light scattering and transparency of not less than 90%) and mechanical strength are of significant importance.
By now, despite a considerable number publications, devoted to coatings based on titanium dioxide [12] [13] [14] [15] [16] [17] , there is not enough information on recording and influence of the whole variety of parameters of the process of magnetron deposition of TiO 2 coatings on their photocatalytic activity with respect to different substances and organisms.
II. MATERIALS, CONDITIONS AND METHODS
Dioxide-titanium coatings precipitated on samples of glass with the size of (50 ± 2)× (50 ± 2) mm×mm, 4 m thick, containing (mass %): 72. 3 , by the method of reactive magnetron deposition on the plant Quadra-500TM (RPC "Elan-Praktik"). Glasses before deposition were subjected to ultrasonic cleaning sequentially in tetrachloride methane, acetone and alcohol with subsequent treatment in glow discharge [12] .
During experiments, the following parameters of the process of magnetron deposition on glass titanium dioxide substrates were varied in different combinations:
-working pressure -0.22 Pa and 0.4 Pa; -volume fraction of reactionary gas (O 2 ) -15%, 20 %, 17.5%; -duration of deposition -30 min and 40 min; -distance between the magnetron and the sample -70 mm and 140 mm; -current strength -3.0 A and 5.6 A. The thickness of film coatings was determined by means of spectral ellipsometer "Uvisel 2" and the software "DeltaPsi2" [12] .
Samples of three types were subjected to tests, the modes of deposition of dioxide titanium films are given in Table 1 . Bactericidal action of film coatings with respect to Escherichia coli was determined in accordance with methodology ISO 27447:2009 (E) "Fine ceramics (advanced ceramics, advanced technical ceramics) -Test method for antibacterial activity of semiconducting photocatalytic materials" [18] . This standard is applied for testing antibacterial activity of photocatalytic ceramics and other materials, obtained by adding the photocatalyst or deposition of photocatalytic coating.
The method is used for estimating antibacterial activity of photocatalytic materials when the sample contacts bacteria and during UV irradiation. Irradiation time is 12 h, wavelength is 365 nm, surface density of radiant flux is 0.1 mW/cm 2 . To localise bacterial suspension on the surface of flat materials under study, coating film is used. In Petri dish, there is a sample, on which a drop of bacterial suspension is deposited. Then the coating film is placed into suspension, Petri dish is covered with glass for moisture retention; after that, irradiation takes place.
After UV processing, bacteria are washed off the sample and the coating film. In the washed-off suspension, the number of viable bacteria is measured by the calculation method. The increased bacterial clupms were calculated using an automatic clump counter "SCAN color".
For experiments on self-sterilization, coatings were precipitated on substrates in vacuum plant UniCoat 200 with a dual unbalanced magnetron system and pulse current, in the mode, presented in Table 2 . When revealing self-antiseptic ability of coatings, tests were conduted in one of the lecture halls of the university with an area of 15 m 2 , a volume of 45 m 3 and a daily loading of 600 people. Ventilation in the lecture hall was forced influx-andextract. For tests, two samples of float-glass (grade M1) were used. One sample was with photocatalytic coatings and a material sample without coating was taken as a control sample.
All samples were horizontally attached to each other and held open during 11 hours. The obtained microbial suspension based on the washing-off from the glass surface was dissolved up to 10 -5 by physiological solution, whereupon it was sown onto the agarised nutrient medium and incubated during 48 hours at 37.0°C. Further, the number of grown clumps of microorganisms was calculated with subsequent calculation of the surface ability for self-sterilization (R L ) by the formula:
where B L -average number of viable microorganisms on samples without photocatalyst; C L -average number of viable microorganisms on samples with photocatalyst.
III. RESULTS AND DISCUSSION
According to the used method of estimation of bactericidal action of photocatalytic coatings, the bacterial suspension, washed off the samples, was subjected to sowing onto the solid medium with dissolutions of 10 -1 , 10 -2 , 10 -3 , 10 -4 . However, in the first three cases, the number of grown clumps was so big that it was impossible to assess the difference when transiting from one variant to another. Therefore, Petri dishes with sowing of the wash-off suspensions, obtained with the dissolution of 10 -4 , where the number of clumps was less than 300, were subjected to a more detailed analysis.
Results of development of the bacterial cells washed off the surface of photocatalytic materials on the solid nutrient medium are presented in photographs in Figure 1 . Results of development of bacterial cells of the wash-off from the photocatalytic materials' surface on the solid nutrient medium are presented in Figure 12 .
It is necessary to note that the effect of suppressing the development of bacterial cells on photocatalysts' surfaces is noted both in the variants of storing materials with the deposited suspension in darkness and when storing under conditions of UV light influence (Figure 1 ). Fig. 1 . Clumps of Escherichia coli on solid nutrient medium, sown from surfaces of studied samples with photocatalytic coating (kind 1 -1, 2; kind 2 -3,4; kind 3 -5,6) and from surface of samples without coatings (7, 8) after storage in darkness (left column) and in UV (right column).
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As photographs, presented in Figure 1 , show, the effect of suppression of bacterial cells' development on the surfaces of photocatalysts is evident. The reduction of the number of viable cells on samples, both in cases of storing materials with deposited suspension in darkness and when storing them under conditions of UV light influence, with clear advantage of the latter conditions, is noted.
With additional influence of ultraviolet irradiation, the bacterial effect increases. TiO 2 , contacting with cell suspension during UV influence, strengthens inactivation of microorganisms, probably, because of arising raptures of the cell wall and intensive transport transfer. However, accurate mechanisms, underlying the influence of photocatalytic reactions of TiO 2 on living microbial cells, are studied insufficiently.
Results of the comparative complex influence of processdependent parameters of obtaining vitreous products with photocatalytic coating on the degree of their bactericidal activity are presented in Table 3 .
Antibacterial activity of the studied photocatalysts after UV irradiation was assesses by means of the conditional index R [18] . As data showed, the greatest destructive ability belonged to the products with the photocatalytic coating, obtained under conditions of 20 % of oxygen content at a distance "Magnetron-sample" of 140 mm and the duration of coating deposition of 30 minutes (kind 1) and with oxygen concentration in the reaction chamber of 17.5%, when the distance "magnetron-sample" was 70 mm, and the duration of coating deposition was 40 minutes (kind 3). The number of bacterial cells Escherichia coli reduces in these cases 4 times as compared to the substrate without coating, whereas in variant 2, there is a weaker effect -1.44 times.
The calculated index of antibacterial activity of photocatalysts with UV irradiation (R) had the greatest value (0.59) for the first and third variants of coatings whereas for the second -0.16.
On the same samples, as results of preliminary analyses showed, reactions of oxidation of organic substances proceeded most effectively, reducing the amount of oleic acid by 50% and the content of methylene-blue in the medium by 20%.
The presented results are confirmation of the fact that an increase of photocatalytic activity does not always happen with the growth of the coating thickness. In this case, low bacterial activity (0,16) was observed in photocatalysts with the greatest thickness of the film equal to 128 nm (compared to 59 nm and 79 nm in variants with higher bacterial activity). The reason for that can be defects, microcrystal sizes, pores and other structural changes, occurring during precipitation of coatings with the magnetronic method.
One of the interesting and promising directions of practical application of photocatalysis is imparting the ability for selfdecontamination to finishing materials, for instance, for medical establishments, premises of public buildings, where mass public gatherings are observed [19, 20] .
The results of microbiological tests of glasses with photocatalytic coatings in real conditions of lecture halls are presented in Table 4 . Estimated parameter R L , determining the ability of coatings for self-sterilization, made up 1,76, i.e. the concentration of bacteria and molds on samples' surface with photocatalytic coating is almost by two orders less than those on the surface, not possessing photocatalytic properties.
It should be noted that results of microbiological tests include generalised data on bacteria and spores of molds. This can influence parameter R L since during incubation, some molds are able to stop the growth of bacterial, which appeared in immediate proximity to the fungus colony, that is, to influence the bacterial activity indicators.
The necessity of creating universal photocatalytic materials will require, on the one hand, the extension of a set of used test-cultures, taking into account the specifics of protective mechanisms of microbial cells, and, on the other -further search for modes, providing a combination of peaks of activity for different microorganisms.
IV. CONCLUSIONS
The use of specific photocatalytic coatings provides biocidity of products' surface, determining such property of modern materials as an ability for self-decontamination. One of the promising directions in this field is creation of photocatalytically active coatings based on TiO 2 , on the surface of which reagentless elimination of microorganisms takes place.
The comparative characteristic of effectiveness of glass samples with photocatalytic coating, obtained in different operating practices of deposition of the film, allowed detecting the best products, on the surface of which the processes of bacteria elimination proceeded most effectively.
However, the proposed variants of depositing the photocatalytic film on constructional products require additional studies, as experimental data showed.
To develop the most effective photocatalyst with the function of bactericidal action, the search for modes, providing a combination of activity peaks for different groups of substances and kinds of microorganisms, is necessary. Modern scientific knowledge in the field of the variety of mechanisms of influence of photocatalytic processes on fungi cells, taking into account the specifics of their protective mechanisms, will require spreading the spectrum of used test-cultures.
